J 



Europaisches Patentamt 
European Patent Office 
Office europ£en des brevets 



© Publication number: 



0 425 894 B1 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specification: 13.04.94 © Int. CI. 5 : C08L 83/10, C08L 69/00, 

//(C08L83/1 0,27:00) 

© Application number: 90119899.4 
© Date of filing: 17.10.90 



CD 
00 

in 

CM 



CL 

LU 



© Flame retardant polycarbonate blends. 


© Priority: 30.10.89 US 428561 


© Proprietor: MILES INC. 




One Mellon Center 


@ Date of publication of application: 


500 Grant St. 


08.05.91 Bulletin 91/19 


Pittsburgh, PA 15219-2502(US) 


© Publication of the grant of the patent: 


@ Inventor: Paul, Winfrled G., Dr. Mobay 


13.04.94 Bulletin 94/15 


Corp.Plast& Rub Div. 




Bldg. 8, 


© Designated Contracting States: 


Mobay Road 


DE FR GB IT NL 


Pittsburgh, PA 15205(US) 




Inventor: Krishnan, Slvaram 


@ References cited: 


1653 Little Meadow Road 


EP-A- 0 382 004 


Pittsburgh, PA 15241 (US) 


FR-A-2 183 234 


Inventor: White, Roger J. 


US-A- 4 220 583 


2663 Sunnyfield Drive 


US-A- 4 391 935 


Pittsburgh, PA 15241 (US) 


US-A- 4 749 738 






© Representative: Muller, Gerhard, Dr. et al 




BAYER AG 




Konzernverwaltung RP 




Patente Konzern 




D-51368 Leverkusen (DE) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 

(3. 10/3.09/3. 3.3> 



EP 0 425 894 B1 



Description 



FIELD OF THE INVENTION 



5 The present invention relates to thermoplastic molding compositions and more particularly to composi- 
tions containing a polydiorganosiloxane block copolycarbonate. 



SUMMARY OF THE INVENTION 



10 The present invention resides in the surprising properties found to characterize the thermoplastic 
molding composition which comprise a polydiorganosiloxane block copolycarbonate and an additive amount 
of a partially fluorinated polyolefin. The composition of the invention shows a surprising combination of 
improved flame retardance and high impact strength. 



75 BACKGROUND OF THE INVENTION 



Articles molded from polycarbonate resins are well known and are widely used in a variety of 
applications. Among their attractive properties, mention is often made of their impact strength and thermal 
stability. These and other properties make polycarbonate resins ideal material for the preparation of 
20 business machines. 

The art is noted to include U.S. Patents 4,252,916 and 4,663,391 which disclosed polycarbonate based 
compositions containing a partially fluorinated polyolefin. The compositions are respectively said to have 
improved thermal stability and improved wear resistance. 

Translucent, flame-retardant polycarbonate compositions containing a salt and a partially fluorinated 
25 polyolefin have been disclosed in U.S. Patent 4,220,583. Also noted in this connection is the composition 
disclosed in U.S. Patent 4,749,738. Said to feature improved wear resistance, the composition contains a 
polycarbonate resin, a polyolefin, a fluorinated polyolefin and a silicone fluid. 

It is an object of the present invention to provide a thermoplastic molding composition which is 
characterized by its improved flame retardance and impact performance. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

The composition of the invention comprise (i) polydiorganosiloxane block copolycarbonate and (ii) an 
additive amount of at least one partially fluorinated polyolefin. 
35 The copolycarbonate suitable in the present context conforms structurally to 
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(.Q-A-O-C-^ 0-A- 
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wherein n is an integer of from 1 to 1000, m is an integer of from 1 to about 500, p is an integer of about 1 
45 to 1 0, A is a derivative of an aromatic dihydroxy compound and R and R' are independently a Ci -C20 alkyl 
or a C6-C14 aryl radical, both the aryl and alkyl radicals may be substituted by halogen atoms. Most 
preferred R and R' radicals are selected from the group which consists of methyl, ethyl, propyl, n- and tert- 
butyl, chloromethyl, trifluoropropyl, phenyl, chlorophenyl and naphthyl. The block copolycarbonate of the 
invention comprise about 40 to 99.5, preferably 85 to 99 percent by weight of polycarbonate segments, the 
50 complimentary segments being polydiorganosiloxanes. 

The suitable block copolycarbonate resins are further characterized in that their relative viscosity, 
measured on a solution of 0.5 gm in 100 ml of dichloromethane at 25 'C, is at least 1.15, preferably from 
about 1.18 to about 1.38. Most preferably the polydiorganosiloxane segments which characterize the block 
copolycarbonates of the invention contain an average of about 5 to 200, most preferably 7 to 160 silicon 
55 atoms per segment. A segment in the present context is a term used to describe a siloxane chain which is 
not interrupted by a carbon atom. 

The derivatives of the aromatic dihydroxy compounds, -A-, include 
-O-Ar-O- , or 
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io wherein Ar is a saturated six membered hydrocarbon ring and where 
X denotes a single bond, -CH 2 -, 



CH, 

-C-, 

I 

CH, 



-0-. -S-. SO2- 
and 




30 including substituted cycloalkylidene, or 



? K 3 

— c 




c — 
C« 3 



Y 1 through Y 4 independently denote a hydrogen atom, C1-C4 alkyl or a halogen atom. 

Preferably -A- is derived from 2,2-bis-(4-hydroxyphenyl)-propane, 1,1-bis-(4-hydroxyphenyl)-cyclohex- 
ane, 2,2-bis-(3,5-dichloro-4-hydroxyphenyl)-propane, 2,2-bis-(3,5-dimethyl-4-hydroxyphenyl)-propane, bis- 
(3,5-dimethyl-4-hydroxyphenyl)-ethane, bis-(3,5-dimethyl-4-hydroxyphenyl)methane or bis-(4-hydrox- 
45 yphenyl) sulphide. 

The copolymer may include branching agents and/or chain stoppers both of which are known in the art. 
Preferred branching agents are compounds having a functionality of at least three and are described in DE- 
OS (German Published Specifications) 1,570,533 and 1,595,762 and in U.S. Patent 3,544,514 incorporated 
herein by reference. These include trihydric phenols, aromatic tricarboxylic acids and hydroxycarboxylic 

50 acids having at least three functional groups. Examples of the preferred branching agents are 2,4-bis-(4- 
hydroxy!phenyl-isopropyl)-phenol, 2,6-bis-(2-hydroxy-5-methylbenzyl)-4-methylphenol, 2-(4-hydroxyphenyl)- 
2-(2,4-dihydroxyphenyl)propane, 1 ,4-bis-(4,4-dihydroxytriphenylmethyl)benzene, 2,4-dihydroxybenzoic acid, 
trimesic acid, cyanuryl chloride, 3,3-bis-(4-hydroxyphenyl)-2-oxo-2,3-dihydroindole and 3,3-bis-(4-hydroxy-3- 
methyl-phenyl)-2-oxo-2,3-dihydroindole. 

55 The amount of branching agent is generally about 0.05 to about 2 mole percent relative to the molar 
amount of the dihydroxy components. 

The chain stoppers suitable in the present context include radicals of phenol, benzoic acid, mono- and 
dialkylphenols and mono- and dialkylbenzoic acids where the alkyl substituents contain up to 20 carbon 
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atoms per terminal group. The preferred terminal groups conform structurally to 




io Examples of preferred chain stoppers are the radicals of phenols, p-tert.-butyl-phenol, p-tert.-octyl- 
phenol, p-nonyl-phenol, 3.5-di-tert.-butyl-phenol, 2-(3,5-dimethylheptyl)-phenol and 4-(3,5-dimethylheptyl)- 
phenol. In place of free phenols, their halocarbonates may be employed, and in place of the carboxylic 
acids, their acid chlorides may be employed. The amount of the terminal groups is generally about 1 to 10 
mole percent relative to the molar amount of the dihydroxy compounds. 

15 The preparation of the block copolycarbonates of the invention may be carried out by conventional 
procedures such as by the two phase interfacial process, from a,o>-bis-(hydroxyaryloxy)- 
polydiorganosiloxane, bisphenols, carbonic acid derivatives, such as phosgene, optionally with chain 
terminators and/or branching agents. Also suitable for the preparation of the block copolycarbonates are the 
well known transesterification process and the process in a homogeneous solution. Suitable block 

20 copolycarbonates are available in commerce such as under the trademark Makrolon, from Mobay Corpora- 
tion. 

Further description of block copolycarbonates suitable in the present invention may be found in U.S. 
Patents 3,189,662, 3,419,634, 3,821,325 and 4,584,360. 

The partially fluorinated polyolefin of the present invention (hereinafter pf polyolefin) are well known 

25 compounds which are also commercially available, for instance under the trademark Kynar, from Pennwalt 
Corporation. Alternatively, these compounds may be readily prepared by known procedures. Among the 
suitable compounds is polyvinylidene difluoride. The pf polyolefin may advantageously be homopolymers, 
copolymers or terpolymers which contain a major portion of vinylidene fluoride with at least one 
copolymerizable monomer selected from the group consisting essentially of hexafluoropropylene, 

30 trifluoroethylene, chlorotrifluoroethylene and tetrafluoroethylene and mixtures of the homopolymer, 
copolymer and terpolymer. Preferably, the pf polyolefin contains at least 70 mole percent of polyvinylidene 
fluoride monomer units. Methods for the preparation of suitable compounds have been described in the 
literature including in Billmeyer, F.W. Jr., Textbook of Polymer Science, Interscience Publishers, New York, 
N.Y., 1966, pp. 425-427; Monermoso, J.C., Rubber Chem. Tech., 34, 1521 (1961) and Rudner, M.A., 

35 Fluorocarbons, Reinhold Publishing Corporation, New York, N.Y. The pf polyolefins conform structurally to 
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45 wherein R, R\ R" and R m independently denote fluorine, hydrogen, chlorine or CF 3 , 
n is an integer of from 1 to 100, 

m and o independently are integers of from 0 to 100 preferably 0 to 20 and 
z is an integer of from 3 to 15,000 

such that the number average molecular weight of the compound is greater than 20,000, preferably 30,000 

so to 1 .000,000, as determined by gel permeation chromatography. 

In accordance with the invention, thermoplastic molding compositions having improved impact strength 
and flame retardance are prepared by blending a block copolycarbonate and a pf polyolefin in an amount 
sufficient to improve the flame retardance of the block copolycarbonate. Preferably, the amount of added pf 
polyolefin is 1 to 30, more preferably 2 to 10 percent relative to the weight of the composition. The 

55 preparation of the composition of the invention is carried out using conventional means and following 
conventional procedures for the preparation of homogeneous blends and molding compositions known in 
the thermoplastic art. 
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Customary additives may be added to the composition of the invention for their art recognized 
functions. These include dye stuff, pigments, hydrolysis stabilizers, thermal stabilizers and UV stabilizers. 
Fillers, reinforcing agents, flame retardants and mold release agents may also be incorporated in the 
composition. The composition of the invention may be used in all applications where conventional 

5 polycarbonate based compositions have been used and where in addition there is an advantage needed in 
terms of improved flame retardance with no loss in impact strength. 

In the following examples, the homopolycarbonate resin which was used for the purpose of comparison 
was Makrolon which has a relative solution viscosity of 1.255. The block copolycarbonate was characterized 
in that its siloxane content was about 5% and that it had about 80 silicon atoms per segment. Its relative 

70 viscosity was 1.265. The partially fluorinated polyolefin was polyvinylidene difluoride. The table below 
summarizes the results of the comparisons between the composition of the invention and other composi- 
tions which are not of the invention. 



15 



20 



Example A B C D E F 

Homopolycarbonate, % 100 -- 97.5 50.0 95.0 
Block copolycarbonate, 

% 100 50.0 95.0 

Pf-polyolefin, % 2.5 5.0 5.0 



25 



30 



Impact Strength 
Izod, Notched, J/m 

{? 1/8" = 0.317 cm 753 802 666 796 764 605 
<a 1/4" «= 0.635 cm 108 667 128 690 606 318 

Flame retardance, 

per UL 94 1/8" V-2 V-l V-2 fail V-0 fail 

= 0.317 cm 



As is clear from the above results, the flame retardance of the block copolymer of the invention, V-1 is 
improved upon the incorporation of the pf polyolefin of the invention therewith. The flame retardance of the 

35 composition is V-0, a performance which could not have been predicted based on the prior art. The prior art 
composition, represented by Examples C and F demonstrate that the addition of a pf polyolefin to a 
homopolycarbonate does not bring about an improvement in the flame retardance of the resin. While the 
homopolycarbonate has a V-2 rating, the prior art composition fails the UL-94 test (Example F) or in the 
case of Example C, does not improve the rating at all. The results above also demonstrate that the impact 

40 performance of the composition of the invention, Example E, has a level of impact strength which is higher 
than the corresponding prior art composition - Example F. The substantial retention of the impact strength 
of the composition of the invention as compared to the impact strength of the unmodified block copolycar- 
bonate, compare Examples E and B, is an unexpected advantage in view of the significant deterioration in 
strength which characterize the prior art compositions - Examples C and F - in comparison to the strength 

45 of the unmodified homopolycarbonate, Example A. 



Claims 



1. A thermoplastic molding composition comprising a homogeneous blend of 
so (i) a block copolycarbonate conforming structurally to 
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wherein n is an integer of 1 to 1000, m is an integer of 1 to 500, p is an integer of 1 to 10, A is a 
derivative of an aromatic dihydroxy compound, R and R' are C1-C20 alkyl or Ce-Cu aryl radical, said 
copolycarbonate contains from 40 to 99.5 wt-% of polycarbonate segments and has a relative 
viscosity, measured on a solution of 0.5 g in 100 ml of dichloromethane at 25 *C, of at least 1.15, 
5 and 

(ii) an additive amount of a partially fluorinated polyolefin conforming structurally to 



70 
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75 



20 



25 



2. 



wherein R, R\ R M and R'" independently denote fluorine, hydrogen, chlorine or CF 3l 

n is an integer of from 1 to 100, 

m and 0 independently are integers of from 0 to 100, 

z is an integer of from 3 to 1 5,000 

such that the number average molecular weight of the compound is greater than 20,000, as 
determined by gel permeation chromatography, said additive amount being sufficient to improve the 
flame retardance of said block copolycarbonate. 

The composition of Claim 1 wherein said additive amount is 1 to 30 percent relative to the weight of 
said blend. 



3. The composition of Claim 1 wherein said additive amount is 2 to 10 percent relative to the weight of 
said blend. 

30 4. The composition of Claim 1 wherein said partially fluorinated polyolefin is polyvinylidene difluoride. 
PatentansprUche 



35 



1. Thermoplastische Formmasse, umfassend ein homogenes Gemisch aus 
(i) einem Block-Copolycarbonat entsprechend der Struktur 



40 



45 



4-0-A-0-C4- 



-O-A- 



R 
R' 



-O-A- 



O 
II 

-o-c- 



50 



55 



in der 
n 
m 

P 
A 
R 



eine ganze Zahl von 1 bis 1000 ist, 
eine ganze Zahl von 1 bis 500 ist, 
eine ganze Zahl von 1 bis 10 ist. 
ein Derivat einer aromatischen Dihydroxy-Verbindung ist, 
und R' jeweils ein Ci-C2o-Alkyl- Oder ein Ce-Cn-Aryl-Rest sind, 
wobei das Copolycarbonat 40 bis 99,5 Gew.-% Polycarbonat-Segmente enthalt und eine relative 
Viskositat, gemessen an einer Losung von 0,5 g in 100 ml Dichlormethan bei 25 *C, von wenigstens 
1,15 hat, und 
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(ii) einer zugesetzten Menge eines partiell fluorierten Polyolefins entsprechend der Struktur 



R' R R' R 

II II 
4-CH 2 -CF 2 ) n ( C C ) m ( C C^-o- 



R n 



R" 



in der 

R, R\ R" und R ,M unabhangig voneinander Fluor, Wasserstoff, Chlor oder CF 3 bezeichnen, 
n eine ganze Zahl von 1 bis 100 ist, 

m und o unabhangig ganze Zahlen von 0 bis 100 sind, 

75 z eine ganze Zahl von 3 bis 1 5 000 ist, 

in solcher Weise, daS das Zahlenmittel des Molekulargewichts der Verbindung, bestimmt durch 
Gelpermeations-Chromatographie, groSer als 20 000 ist, wobei die zugesetzte Menge ausreicht, um 
die flammhemmenden Eigenschaften des Block-Copolycarbonats zu verbessern. 



20 2. Masse nach Anspruch 1, worin die zugesetzte Menge 1 bis 30 %, bezogen auf das Gewicht des 
Gemischs, betragt. 

3. Masse nach Anspruch 1, worin die zugesetzte Menge 2 bis 10 %, bezogen auf das Gewicht des 
Gemischs, betrSgt. 

25 

4. Masse nach Anspruch 1, worin das partiell fluorierte Polyolefin Polyvinylidendiftuorid ist. 



Revendicatlons 



30 1. Composition thermoplastique a mouler, comprenant un melange homogene 
(i) d'un copolycarbonate sequence" r^pondant a la formule structurale 
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40 



dans laquelle n repr£sente un nombre entier de 1 a 1000, m represente un nombre entier de 1 a 
500, p represente un nombre entier de 1 a 10, A represente un derive d'un compose* dihydroxylique 
aromatique, R et R' repre*sentent des radicaux alkyle en Ci a C20 ou aryle en C6 a Cu, ledit 
45 copolycarbonate contenant 40 a 99,5 % en poids de segments polycarbonate et possedant une 

viscosite relative, mesurSe sur une solution de 0,5 g dans 100 ml de dichloromethane a 25 # C, au 
moins 6ga!e a 1,15, et 

(ii) d'une quantity a effet d'additif d'une polyolefine partiellement fluoree repondant a la formule 
structurale 



R # R R' R 

R" R^ R" R"' 
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dans laquelle R, R\ R" et R m represented independamment le fluor, I'hydrogene, le chlore ou CF 3 , 
n represents un nombre entier de 1 a 1 00, 

m et o represented independamment des nombres entiers de 0 a 100, 
z represents un nombre entier de 3 a 15 000, 

de telle sorte que la moyenne numeVique du poids moleculaire du compose soit sup£rieure a 20 
000, telle qu'elle est determinee par chromatographie de permeation sur gel, ladite quantity a effet 
d'additif etant suffisante pour ameiiorer le pouvoir retardateur de flamme dudit copolycarbonate 
sequence. 

Composition suivant la revendication 1, dans laquelle la quantite a effet d'additif est comprise dans 
I'intervalle de 1 a 30 pour cent, par rapport au poids du melange. 

Composition suivant la revendication 1, dans laquelle la quantite a effet d'additif est comprise dans 
I'intervalle de 2 a 10 pour cent, par rapport au poids du melange. 

Composition suivant la revendication 1, dans laquelle la polyolefine partiellement fluoree est un 
polymere de difluorure de vinylidene. 
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